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Abstract 

Single and double polarization observables for kaon photoproduction on the deuteron are studied 
theoretically with modern hyperon-nucleon forces. The kinematical region of the kaon scattered for 



ward with large momentum is thoroughly investigated where either the quasifree scattering leading 
to the kaon and hyperon or the final-state interaction between hyperon and nucleon are expected. 
The quasifree scatterings show characteristic peaks in the inclusive cross sections. The final-state 
interaction effects are significant, especially around the AN and SiV thresholds. The double po- 
larization C z is found to be sensitive to the final-state interaction effects. Precise data would help 
to clarify the property of the AN-Y,N interaction and also help to extract the information on the 
elementary amplitude from the quasifree scattering region. 

PACS numbers: 25.20.Lj, 13.75.Ev, 13.60.Le, 21.45. +v 
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I. INTRODUCTION 



The hyperon-nucleon (YN) interaction has played a key role in hypernuclear physics. 
It is known as the basic force which binds A and S hyperons in hypernuclei. Even in a 
conventional nuclear system, understanding of the YN interaction is indisputably important 
if one introduces the strangeness degrees of freedom in the nucleon-nucleon (NN) interaction, 
in order to extend the baryon-baryon interaction to a more unified picture demanded by 
SU(3) symmetry. 

While performing YN scattering experiments is a daunting task, hyperon photoproduc- 
tion on the deuteron appears to be a promising process for investigating the available YN 
interaction models. This is made possible by choosing some photoproduction kinematics 
where the outgoing baryons have small relative momenta and, therefore, the YN interac- 
tion is effectively strong. Several previous studies have been done in inclusive and exclusive 
kaon photoproduction on the deuteron Q based on simple YN forces. Nevertheless, all 
calculations indicated that significant YN final state interaction effects are present near the 
production thresholds. 

Another motivation of performing experiments on the deuteron is due to the lack of the 
neutron target. Experiments for kaon photoproduction on the proton have just been finished 
in ELSA, JLab, and SPRING8, resulting in a large number of unprecedented precise data 
that certainly need more sophisticated analyses. However, previous studies 3, had indi- 
cated that neutron channels can provide a more stringent constraint to elementary models 
that can successfully explain the process on the proton. Thus, kaon photoproduction on the 
deuteron can serve as a means for testing the available elementary models. To this end, a 
simple calculation has proven that in most kinematic situations the elementary cross section 
on the neutron can be reliably extracted from the deuteron cross section |4|]. A related ex- 
periment has recently been done at LNS-Tohoku by measuring the K°YN final states cross 
section and the collected data are being analyzed 

In the previous paper we have investigated the inclusive K + and exclusive K + Y 
photoproduction on the deuteron by using modern hyperon-nucleon forces and a certain 
kaon photoproduction operator. Sizable effects of the hyperon-nucleon final state interaction 
were found near the AA" and UN thresholds in the inclusive reaction. Angular distributions 
for the exclusive process showed clear YN final state interaction effects in certain kinematic 
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regions. We pointed out that precise data especially for the inclusive process around the 

EiV threshold would help to clarify the strength and property of the AN-HN interaction. 

We notice that a fairly elaborate calculation focusing on rescattering contributions to the 

rn 

kaon photoproduction on the deuteron has recently appeared |7]. In order to emphasize the 
influence of rescattering terms in the differential cross sections, the calculation, however, has 
been performed in a certain kinematics where final state interactions among the hyperons 
and the nucleon have negligible effects. A more detailed calculation, which includes the YN 
and KN rescattering terms, as well as a two-body photoproduction contribution in terms of 
a pion mediated process — > ttNN — > KYN, has also been performed Q . It is found that 
the latter gives the dominant contribution beyond the impulse approximation for backward 
kaon angles. In the forward directions (6k < 30°) the effects turn out to be small. 

In this paper we theoretically examine in detail a number of polarization observables that 
are immediately accessible experimentally due to the high intensity continuous wave electron 
beams available nowadays at JLab, ELSA, GRAAL, and SPRING8, and due to the hyperon 
recoil polarization, which can be directly obtained from the hyperon decay. This work is 
also greatly motivated by the Hall A and Hall B data recently taken which are currently 
being analyzed H licl]. 

For the convenience of the reader we briefly describe the latest update of the elementary 
photoproduction operator in Sec. II. Section III describes the evaluation of the nuclear 
matrix element and the definition of various polarization observables. Our numerical results 
for the various YN forces are extensively given in Sec. IV and we give the conclusion in 
Sec. V. 

II. THE ELEMENTARY PRODUCTION OPERATOR 

Models for kaon photoproduction on the nucleon have been proliferating rapidly in re- 
cent years, due mostly to the continuously improving data base from experimental facilities 
like ELSA, GRAAL, and Jlab. Most of these descriptions employ an effective Lagrangian 



approach at tree level 



13. 



11 



12 



131 ] where the results from coupled-channel calculations 
|14j are taken into account. While the details of the model ingredients vary in the different 
studies, all models provide a good parameterization of the elementary kaon photoproduction 
data and are thus adequate for use in the nuclear environment. 
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Recently, we note that two new versions of data have just been published by the SAPHIR 



and the CLAS collaborations 
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the CLAS 



[r|. Unfortunately, as reported in Ref. 
data show substantial and systematic discrepancies with the SAPHIR ones. Thus, as a 
consequence, an attempt to fit the model to both data simultaneously would be meaningless. 
While waiting for a new method to reconcile this problem, and for the sake of comparison, 



we will in this study use the same operator [17| we have used in our previous paper |6j . The 
operator consists of gauge-invariant background and resonances terms. The background 
terms include the standard s-, u-, and t-channel contributions along with a contact term 
required to restore gauge invariance after hadronic form factors have been introduced. The 
resonance part consists of three nucleon resonances that have been found in the coupled- 
channels approach to decay into the KA channel, the 511(1650), Pn(1710), and Pi 3 (1720). 
For the KH production operator further contributions from the 5*31(1900) and P3i(1910) 
A- resonances were added. In addition, we added the _Di3(1900) state 111 found to be 

nn 

important in the description of SAPHIR data |15l . Il8| . 

In order to implement the operator in a nuclear matrix element, we rewrite the amplitude 
in an arbitrary frame 
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with mjy and m Y are the nucleon and hyperon masses, En and E Y their energies, p 7 , p N 
and p Y the photon, nucleon and hyperon momenta and e the photon polarization. The 
amplitudes Ti are given in terms of kinematical quantities and amplitudes A4 which are 
related to the various tree diagrams. The rather lengthy expressions of Ti and A4 can be 
found in [19]. The operator can be rewritten in the form of 

t jK = i(L + ia ■ K) , (2) 

which is convenient for an application in the deuteron frame. However, in Eq. (J2J both 



spin-non-flip and spin-flip amplitudes L and K depend on the photon polarization e which 
complicates the calculation on the deuteron. To avoid this, we rewrite Eq. (0) in the form 
of 
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Therefore, the elementary operator given by the 4x3 matrix in Eq. (jSJ) becomes completely 
independent from the frame in which e and a are defined. The expressions for the elements 
of this matrix read 



and 



with 
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III. CROSS SECTIONS AND POLARIZATION OBSERVABLES 



As shown in Ref. p, the cross section for the 7 + d — > K + + Y + N process in a general 
frame is expressed as 

(27r) 3 f dp K dp Y dp j 



da{^Y^N^N^d^) 



AE K E, 

x 



., (2tt) 3 (2tt) 3 (2tt) 3 
x(27r)V 4 )(P d + Q-py-pjv) 



(11) 
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where the /x's and z/'s denote spin and isospin magnetic quantum numbers and e the photon 
polarization. The two-baryon final state state \I> depends on q Y , the (nonrelativistic) relative 
momentum of the final hyperon and nucleon, while the momentum transfer to the final state 
is denoted by Q = p 1 — p K . The elementary operator £ 7 j<-(1) contains a label, indicating 
that it acts only on one of the baryons. The kinematics and the elementary operator are 
kept in their relativistic form, while nonrelativistic two-baryon wave functions are used. 

In Ref. 0] , we calculated cross sections in the total momentum zero frame of the final two 
baryons. However, the nuclear matrix element in Eq. is not invariant under Lorentz 
transformations. The reason is the nonrelativistic treatment of the two baryons in the 
deuteron and the final state. Therefore, in the present paper we calculate all observables in 
the lab frame (the deuteron rest frame) which corresponds to the experimental situation. 

The exclusive cross section is obtained by carrying out the integrations in Eq. (jllj) in the 
lab frame, 

da p 2 K mym^ \p Y \ 



d PK dn K dn Y (2tt) 2 ae^k \ En + Ey _ Ey Qpy\ 

p y 

V2(^ YUYmUN \t, K (l)\^ dl x d )\ 2 , (12) 

where the relative momentum q Y is determined by the nonrelativistic relation 

m Y 

Qy=Py : Q • 13 

m Y + m N 

r-i 

The calculations of the nuclear matrix element are discussed in detail in Ref. [Q], but 
Eqs. (3.13), (3.14) and (3.15) therein should be replaced by the expressions in the lab frame, 



k Y = q Y + ™ y Q , (14) 
my + ttin 

ki = q Y : Q , 15 

my + m 7v 

q = q Y ■ Q . 16 

m Y + m N 

The inclusive 2 H( , y,K + ) cross section can be obtained by integrating Eq. ()12j) over Qy- 
However, this turns out to be inconvenient since the integration limits over Q Y are compli- 
cated and, secondly, the phase space factor appearing in Eq. |T2|) can become singular. We 
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therefore take as the integration variable the direction of the hyperon momentum pf? 1 in the 
cm. frame of the final two baryons. 

Thus, the inclusive cross section (in the lab frame) is expressed as 



d° _ Pk 
\tx) 2 AE t 

I E E E / d p™ I ^ < i V(l) I *M ) f , (17) 
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where W 2 = (P d + Q) 2 . 

In addition to the inclusive 2 H(7, and exclusive 2 H(7, X+y) cross sections, we calcu- 
late the hyperon recoil polarization P y , the beam polarization asymmetry X and the double 
polarizations C x , C z which are given by 

Tr{MM + a y } 

y ~ Tr{MM+} ' [ } 
s ^HjW^J - Tr{jWe J 

Tr{M £=£y M+ £!/ } + Tr{M^M+ e J' 1 J 
„ Tr{M £=61 M £ t £1 ^} 

°* " Tr{M e=ei M etei } ' (2Uj 
r Tr{M e=ei M+ =ei * z } 

° 2 Tr{M e=£1 M e t ei } • [ZL) 
In the definitions above, M is the K + YN break-up amplitude 

M(n Y fi N ;fi d e) = ( ¥ q ^ y vy M]v Vn | V (1) |* d ^ d ) (22) 

with M e=ey as the amplitude where the photon polarization points into the y-axis, e = e y , 
and so on. The photon polarization e 1 = —-^(^x + i- e y ) describes the helicity state +1. 
The beam polarization asymmetry X is obtained with linearly polarized photon, while the 
double polarization observables C x and C z are the hyperon polarization along with circularly 
polarized photons. 
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IV. RESULTS AND DISCUSSIONS 



As mentioned in Sec. I, the aim of this paper is twofold, i.e., to study the YN final-state 
interaction (FSI) effects as well as to extract the information on the elementary amplitude 
in the region where FSI effects are negligible. For this purpose, we limit the outgoing kaon 
lab angles to the forward ones less than 20° because we expect other types of FSI would 
start to show some effects for larger kaon angles. As a sample, the incoming photon energy 
of 1.3 GeV is chosen throughout this paper. We analyze observables for two YN forces, 



i.e., NSC89 201 and NSC97f 



2l| , both of which give the correct hypertriton binding energy 



22j. The NSC89 interaction is a soft-core one-boson-exchange model based on Regge-pole 



theory, and a straightforward extension of the NN model through the application of SU(3). 
The NSC97f model is an improvement of NSC89. Reference j2j| gives the six models from 
NSC97a through NSC97f classified by the different choices for the magnetic vector-meson 
F/(F + D) ratio, which results in a different balance between 1 Sq and 3 Si AN scattering 
lengths. Among them only the two models, NSC89 and NSC97f, reproduce the hypertriton 



binding energy, but still have different 5-wave scattering lengths 



22, 



A rigorous four- 



body calculation |2^ has also shown that both of these two can not reproduce the bound 
states of and y\He. Thus, the present analysis is expected to supply additional information 
on the YN interaction via the continuum. 

The deuteron wave function is generated by the Nijmegen93 potential 



251 ] . Some figures 



and discussions for the inclusive observables are similar to those which are already given in 
the previous paper 6], but we include them for the convenience of the readers. Notice that 
we present all observables in the deuteron rest frame as mentioned in Sec. Ill, which differs 
from the former paper. 



A. Inclusive observables 

First, inclusive cross sections for the kaon lab angle 9k = 1° are shown in Fig.^as a func- 
tion of the kaon lab momentum px- The individual contributions of the An, TPn and £~p 
processes are shown separately and summed up. The YN final-state interaction NSC97f is 
used. The two pronounced peaks are seen around px = 950 and px = 810 MeV/c. These px 
values correspond to the quasifree scattering (QFS) condition where one of the nucleons in 
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750 800 850 900 950 1000 
p K (MeV/c) 



FIG. 1: Inclusive 2 H(7,X + ) cross section as a function of kaon lab momentum pk for kaon lab 
angle Ok = 1° and photon beam energy E~ = 1.3 GeV. The NSC97f potential is used for the YN 
sector. The contributions from the An, S°n and T,~p processes are shown separately and summed 
up. The arrows indicate the AN and EAT thresholds. 

the deuteron sits as a spectator and has zero momentum. In Fig. the inclusive cross sec- 
tions are compared with the result obtained by using the plane wave impulse approximation 
(PWIA) and the result generated by the other YN interaction NSC89. The two peaks are 
dominated by the PWIA contribution but some FSI effects can be seen especially around 
Pk = 810 MeV/c, about which we will also discuss in the next subsection. In Fig. [2] we also 
see the FSI effects around the AN and the UN thresholds. Around the EA threshold, the 
NSC97f result shows a prominent cusp-like structure, whereas the NSC89 one displays only 
a little deviation from the PWIA result. This fact can be traced back to the location of 
the S"-matrix pole for the AN-HN system around the EA threshold, the full detail of which 
has been discussed in Refs. |6] and The structure produced by NSC97f with different 
AN-HN partial wave contributions is enlarged in Fig. EJ The line indicated by J max — 
incorporates the x Sq and 3 Pq components and J max = 1 includes all the partial waves up to 
J = 1. It shows that the J = 1 state is responsible for this structure, which is consistent 
with the known fact that the S'-matrix pole mentioned above exists in the 3 Si- 3 -Di state. 
In Fig. HI the inclusive cross sections for three different kaon lab angles, i.e., 9k = 1°, 10° 
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FIG. 2: Inclusive 2 H(7, K + ) cross section as a function of kaon lab momentum pk for kaon lab 
angle Ok = 1° and photon beam energy EL = 1.3 GeV. The PWIA result is compared to the two 
YN force predictions. The FSI effects are pronounced near the AN and T,N thresholds (indicated 
by the arrows) as well as on top of the two peaks. 
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FIG. 3: The results in Fig. □ for NSC97f and PWIA enlarged around the S7V threshold. The 
individual contributions of AN-T,N partial waves are also shown. 
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FIG. 4: Inclusive 2 H(7, K + ) cross section as a function of the kaon lab momentum px for kaon lab 
angles 9k = 1°, 10° and 20° and photon beam energy E~ = 1.3 GeV. The YN interaction NSC97f 
has been used to obtain these results. 

and 20° are shown, where the cross section maxima shift as the kaon angle increases. We 
confirmed that, in contrast to the 6k = 1° case, the cross sections at 9k = 20° have little 
YN FSI effects in the region of pk larger than 750 MeV/c. Also we verified that the 
J max = 1 results are converged with regard to the angular momentum decomposition of the 
YN system throughout the figures for the inclusive cross sections. 

Finally, in Fig. El we give the three-dimensional plots of the inclusive cross sections as 
a function of lab kaon momentum pk and angle 6k, where individual contributions of the 
An, TPn and H~p processes are also shown. On the plane of pk = 750 ~ 1000 MeV/c and 
9k — 1 ~ 20°, we can identify the area where the cross sections are large. In particular, the 
two peaks seen in Fig. form two ridges in the pk — Ok plane, and it is confirmed that these 
ridges run along the pk — Ok values which satisfy the QFS condition. 
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2 H(Y,^ + ) 




FIG. 5: Inclusive 2 H(7, K + ) cross section as a function of kaon lab momentum px and angle 9k 
for photon beam energy = 1.3 GeV. The NSC97f YN interaction is used. The contributions 
from the An, S°n and T,~p processes are shown separately and summed up. The arrows indicate 
the SiV threshold. 
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B. Exclusive observables 



X , 
^ x 




y = y> 



FIG. 6: Kinematics in the deuteron rest frame. The z axis points into the photon beam direction 
p 7 and the kaon lies in the x-z plane. The momentum transferred to the YN system, p 7 — p K , 
defines the z' axis. The hyperon angle 6 Y is measured from the z 1 axis. 

There are many ways to present exclusive observables including the polarization ones. 
Here, we show five observables, i.e., differential cross section da/dpxdQKd^lY, hyperon po- 
larization P y , double polarizations C z and C x , and the beam polarization asymmetry £, as a 
function of the hyperon angle for fixed kaon momentum and kaon angle. As kaon momenta, 
we select px = 975 MeV/c (just above the An threshold), 944 MeV/c (close to the A QFS 
peak), 870 and 860 MeV/c (near the £A threshold), and 810 MeV/c (on the £ QFS peak). 

In Fig. El an illustration of the kinematics is given. The z axis points into the photon 
beam direction and the kaon lies in the x-z plane, as usual. However, for the outgoing YN 



system, Li and Wright |27j found a characteristic axis, which corresponds to the direction of 
the momentum transfer p 7 — p K to the YN system and defines the z' axis as shown in Fig. |UJ 
Thus a new coordinate system x'-y-z' is introduced with the x' axis defined by e y x e z >. We 
use this primed coordinate system as the reference system for the hyperon angles, which are 
denoted by 6 Y and <fi' Y . The hyperon polarization is defined with respect to the ordinary 
x-y-z system. For all results given below, we take <p' Y = and the hyperon is on the x'-z' 
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FIG. 7: Differential cross section and polarization observables P y , C z , C x and E, for the 
2 H(7, X + A)n process as a function of the hyperon lab angle 9' A . The kaon lab momentum and 
angle are fixed at = 975 MeV/c and Ok = 1°- The YN interaction NSC97f is used and different 
partial wave contributions are shown. The possible A angles are limited to less than 17°. 

(and x-z) plane. 

Now, in Fig. the five observables in the 2 H(7, K + A)n process are shown as a function 
of 6' A for pk = 975 MeV/c just above the An threshold. Here PWIA is compared with 
the FSI results obtained by the NSC97f YN interaction. The dominant YN partial wave 
contributions are also shown. The line indicated by J max = 2 incorporates all the partial 
wave up to J = 2, and gives the converged results. The differential cross sections clearly 
indicate FSI effects starting from 8' A = 0° to which 1 5'o and 3 Si- 3 Di force components 
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FIG. 8: Same as Fig. Q but for kaon lab momentum pk = 944 MeV/c. The results obtained from 
NSC97f and NSC89 are compared with the one from PWIA. 

contribute. In the double polarization C z , 1 Sq shows a visible effect but the inclusion of the 
3 S*i cancels it and shifts it on the same line as PWIA. Please note, for the sake of better 
visibility of the effects we change the scales in various panels in Fig. [7| and the following 
ones. 

Figure |H1 shows the results for p^ = 944 MeV/c which is close to one of the peak positions 
in Fig. El (inclusive cross section). The FSI effects for NSC97f and NSC89 are compared 
with PWIA. In the forward peak of the differential cross sections, PWIA dominates up to 
8' A = 30° which forms the dominant part of the A QFS peak in Fig. El (To be precise, the 
QFS condition corresponds to 6 K = 1.6° and 9' A = at this px value.) However, FSI still 
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FIG. 9: Differential cross section and polarization observables P y , C z , C x and E for the 
2 H(7, K + A)n process as functions of A angle 0\. The kaon lab momentum and angle are fixed 
at p k = 870 MeV/c and 6 K = 1°. The results by the YN interactions NSC97f and NSC89 are 
compared with that by PWIA. 

shows some effects above 9' A = 30°. The NSC97f and NSC89 interactions give almost the 
same effects except for C z . 

Next, the results of 2 H(7, K + A)n for pk=870 MeV/c and 9k = 1° which is very close 
to the UN threshold are shown in Figs. El and E3 Figure El exhibits the dominant partial 
wave contributions in NSC97f. Because of the closeness to the threshold, the differential 
cross sections show a rather flat behavior and FSI effects are significant. In particular, 
the double polarization C z with FSI deviates from PWIA even at 9' A = 0° and drastically 
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FIG. 10: Same as Fig. but the YN interaction NSC97f is used and different partial wave 
contributions are shown. 

above 9' A = 20°. Also NSC97f and NSC89 are clearly distinct from each other in this case. 
Figure ITU1 reveals the fact that these effects come from AN-'EN 3 Si- 3 Di component which is 
expected from the t-matrix pole existence in this partial wave as mentioned in the previous 
subsection. 

We also show the results for p^=870 MeV/c but for a larger kaon angle 9k = 17° in 
Fig. El This case is rather far from the UN threshold, and shows the forward-peak cross 
sections, but prominent FSI effects are still seen in P y above 9 ; A = 20°. 

Now, let us give the results for the S~p and S°n exit channels. Figures^] (E~p) andlTHl 
(E°n) show the observables for px = 860 MeV/c and 9k = 1°, which is still close to the UN 
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FIG. 11: Same as Fig. E3 but for kaon lab angle K = 17°. 

threshold, and the available lab angles of the hyperon 9% are limited to less than 21°. As 
in Fig. FSI effects are prominent. The S~p channel gives more visible FSI effects than 
E°n, where both of the \ and | EiV isospin components are included. Not only the 3 Si- 3 Di, 
but also 1 5'o contributions can be seen, especially in C z . 

The results for p^ = 810 MeV/c and 9k = 1° which corresponds to the £ QFS peak 
position in Fig. El are given in Fig. El (£~P channel) and in Fig. (S°n channel). In 
contrast to the case for = 944 MeV/c (A QFS), most observables show significant FSI 
effects starting from 9'^ less than 20°. This is the reason why fairly large FSI effects are seen 
on the top of the S QFS peak around px = 810 MeV/c in Fig. El 

In Fig. El the three-dimensional plots of the five observables as functions of kaon lab 
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FIG. 12: Differential cross section and polarization observables P y , C z , C x and S for the 
2 H('y, K + Y,~)p process as functions of the £ angle 9' s . The kaon lab momentum and angle are 
fixed at p^ = 860 MeV/c and 9k = 1°- The YN interaction NSC97f is used and different partial 
wave contributions are shown. The available £ lab angles are limited to less than 9'^ = 21°. 

momentum and angle 9k are given for the 2 H(7, K + A)n as an example. The hyperon 
lab angle is fixed at the forward angle 8' Y = 5°. As in the inclusive case (Fig. |SJ) we give the 
information on the 9k dependence of the observables over the range of 9k less than 30°. 

Before closing this section, we would like to discuss the influence from other rescattering 
processes which are not included in the present analysis. As mentioned in Sec. I, Refs. p| 
and p| have evaluated some of those rescattering contributions. The former incorporates 
several two-body kaon production mechanisms, and the latter includes the pion mediated 
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FIG. 13: Same as Fig. El but for the 2 H(7, K + TP)n process. 

process 7c? — > ttNN — > KYN in addition to the FiV and KN rescattering. In considering 
the effects of these rescattering processes, we stress that the present analysis focuses on a 
restricted kinematical region where the kaon is scattered forward with large momentum and 
small relative energy is distributed between the hyperon and the nucleon. 

In Fig. El (p K = 944 MeV/c, 9 K = 1°), Tk(kinetic energy of the kaon) is 572 MeV, but 
Ta-jv (relative energy between A and N) is 25 MeV. The QFS condition further determines 
the A scattering angle 8' A = (6\ = 1.6°) where Ta(A kinetic energy)= 56 MeV and Tjy = 0. 
The extreme cases are given by Figs. ^1 and which are close to the EAf threshold and 
Tx-n is only 7 MeV, while TV = 498 MeV. 



In contrast to this, Ref. 



supposes a large relative energy between Y and N in the 
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FIG. 14: Differential cross section and polarization observables P y , C z , C x and S for the 
2 H('y, K + Y,~)p process as functions of the £ angle 9' s . The kaon lab momentum and angle are 
fixed at p k = 810 MeV/c and 9 K = 1°. The results by the YN interactions NSC97f and NSC89 
are compared with that by PWIA. 

final state, for example, Fig. 7 of Ref. [t| shows the case of = 1500 MeV, 9 K = 15°, and 
T K = 500 (or 200) MeV, where T A _ N amounts to 221 (419) MeV. Thus the YN relative 
energies in thepresent work are at least 10 times smaller than in Ref. Q|. 

Reference ja| focuses on the effects of the pion mediated process, giving the total cross 
sections and the semi-inclusive results where the contributions from various px are inte- 
grated. Recently, the same method has been applied in Ref. [28] to the exclusive cross 
sections for just the same final states as in Fig. El (p^=870 MeV/c), as well as Figs. HU 
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FIG. 15: Same as Fig.[H but for the 2 K(>y,K+T, )n process. 

and[T3](j9x = 810MeV/c). Important is to note that no visible effect of the pion mediated 
process is seen. The effects of this process appear at small px values such as 400 MeV/c in 
the inclusive cross sections for E 1 = 1140 MeV. 

From all the facts mentioned above, we conclude that in the kinematical region where 
the present analysis concentrates, either QFS or YN FSI is expected. 
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FIG. 16: Three-dimensional plots of exclusive observables da/dpxdQKdO,\, P y , S, C x and C z . 
for the 2 H(7, K + A)n process as functions of kaon lab momentum p^ and lab angle 9k- The A lab 
angle is fixed at 9' A = 5°. 
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V. SUMMARY AND CONCLUSION 



We have evaluated single and double polarization observables as well as the inclusive 
and exclusive cross sections for the 7 + d — > K + + Y + N reactions at E 1 = 1.3 GeV, 
which are immediately accessible experimentally by electron beam facilities such as JLab 
and SPring8. An updated photoproduction operator for the 7 + A — * K + + Y process and 
modern hyperon-nucleon forces, NSC89 and NSC97f are used. The kinematical region of the 
kaon scattered forward with large momentum is thoroughly investigated where either the 
quasifree scattering or the YN final-state interaction is expected. The quasifree scattering is 
found to generate large cross sections and to form the ridges on the px — Ok plane where one 
could extract the information on the elementary kaon photoproduction processes. The YN 
final-state interaction effects are significant, especially around the A A and EA thresholds. 
Around the AN thresholds, both of the 1 Sq and 3 Si YN force components show the effects, 
while around the EA thresholds, 3 Si~ 3 D 1 gives the main contribution. In the latter case 
the two YN forces give quite different predictions, reflecting the different structure. The 
polarization observables, in particular the double polarization C z , are sensitive to the final- 
state interaction effects. Precise data would help to clarify the property of the AA-EA 
interaction and also help to extract the elementary amplitude from the quasifree scattering 
region. 
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